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Background: Antiretroviral therapy (ART), when taken consistently, reduces morbidity and 

mortality associated with human immunodeficiency virus and viral transmission. Suboptimal 

treatment adherence is associated with regimen complexity and high tablet burden. Single-tablet 

regimens (STRs) provide a complete treatment regimen in a single tablet. This study examined 

the relationship between STRs (vs multiple-tablet regimens [MTRs]), treatment adherence, and 

viral suppression.

Methods: A systematic review was conducted to identify studies investigating at least one of 

the following: (1) STR/MTR use and adherence; (2) levels of adherence and viral suppression; 

and (3) STR/MTR use and viral suppression. Meta-analysis was performed to assess the 

relationship between STR vs MTR use and adherence in observational settings at $95% 

and $90% adherence thresholds.

Results: In total, 29 studies were identified across the three objectives; two studies were 

relevant for all objectives. STRs were associated with higher treatment adherence than MTRs 

in 10/11 observational studies: a 63% greater likelihood of achieving $95% adherence (95% 

CI=1.52–1.74; P,0.001) and a 43% increase in the likelihood of achieving $90% adherence 

(95% CI=1.21–1.69; P,0.001). Higher adherence rates were associated with higher levels of 

viral suppression in 13/18 studies. Results were mixed in five studies investigating the associa-

tion between STR or MTR use and viral suppression.

Conclusion: Although the direct effect of STRs vs MTRs on viral suppression remains 

unclear, this study provided a quantitative estimate of the relationship between STRs and ART 

adherence, demonstrating that STRs are associated with significantly higher ART adherence 

levels at 95% and 90% thresholds. Findings from the systematic review showed that improved 

adherence results in an increased likelihood of achieving viral suppression in observational 

settings. Future research should utilize similar measures for adherence and evaluate viral 

suppression to improve assessment of the relationship between pill burden, adherence, and 

viral suppression.

Keywords: human immunodeficiency virus, antiretroviral therapy, treatment adherence, sys-

tematic review, meta-analysis

Introduction
The introduction of highly effective antiretroviral therapy (ART) has transformed 

the treatment of people living with human immunodeficiency virus (PLWH). When 

patients are optimally adherent to potent combination ART, human immunodeficiency 

virus (HIV) is transformed from a potentially fatal condition to a manageable chronic 

disease. Current national guidelines in the USA recommend a combination of two 

nucleoside reverse transcriptase inhibitors (NRTIs) with an integrase strand transfer 

inhibitor (INSTI) for initial treatment in ART-naïve individuals.1
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Combination ART has multiple individual and societal 

benefits mediated by achieving viral suppression, which 

reduces HIV-associated morbidity and mortality, increases 

health-related quality of life (HRQoL), and prevents HIV 

transmission. However, ART regimens differ in dosing 

complexity, toxicity, and tolerability – factors that influ-

ence adherence to treatment and outcomes.2–6 Suboptimal 

adherence reduces the likelihood of viral suppression,4,7 

which in turn increases the risk of transmission8 and the 

development of drug resistance, thereby limiting future 

treatment options.7 Suboptimal adherence has both clinical 

and economic consequences, including accelerated disease 

progression and mortality,9–11 decreased HRQoL,12 and higher 

healthcare costs.13–15

Single-tablet regimens (STRs), which combine a com-

plete treatment regimen into a single fixed-dose tablet, 

have the potential to address regimen complexity and high 

pill burden. STRs have been shown to improve adherence 

to antihypertensive agents.16 Generally, studies assessing 

real-world medication-taking behaviors in PLWH show 

greater adherence to STRs than to multiple-tablet regimens 

(MTRs).6,17–19 In a study published in 2000, high adherence 

(taking $95% of prescribed doses) was associated with 

greater viral suppression, and avoidance of drug resistance 

and HIV-associated complications.20 More recently, in 

2015, a meta-analysis looked at the impact of pill burden 

on viral suppression.21 While the authors found that STRs 

were associated with greater viral suppression than MTRs, 

the results were based on only three studies and did not 

include sensitivity analyses. The development of new 

treatment options, including several STRs with improved 

tolerability and efficacy, warrants a stepwise appraisal of 

the literature on adherence and outcomes with emphasis 

on the impact of STRs vs MTRs. Specifically, these new 

regimens may improve the relationship between adherence 

and viral suppression, potentially reducing the adherence 

thresholds needed for treatment success. Results of a recent 

meta-analysis suggest that adherence of 80%–90% may be 

adequate to achieve viral suppression.22 In the current era 

of newer, more potent, treatment options, it is important 

to understand whether the older paradigms associating 

regimen simplicity (STR vs MTR), adherence, and patient 

outcomes remain valid. Furthermore, given demographic 

changes, with more than half of PLWH in the USA being 

over the age of 50 years,23 the high prevalence of age-related 

comorbidities, such as cardiovascular disease,24 may com-

plicate HIV management or adherence due to higher pill 

burden and polypharmacy.25 The results of the current study 

extend findings from earlier research,20,21 taking into account 

newer regimens and emerging data on the level of adherence 

required for successful viral suppression.

Adherence is most likely best assessed in observational 

studies in which patients’ medication usage may more closely 

reflect actual clinical practice, because real-world studies 

often find poor long-term adherence.26 Adherence can be 

higher in randomized controlled trials (RCTs) due to factors 

such as careful selection of participants or more intensive 

follow-up;27 however, RCTs may provide useful informa-

tion about the effect of adherence on virologic outcomes. 

We therefore conducted a systematic review to appraise the 

published literature reporting associations between STR vs 

MTR use and adherence to ART in observational studies 

alone, and that reporting the effects of adherence or STR vs 

MTR use on virologic outcomes in either observational 

studies or RCTs.

Methods
Search strategy
A systematic literature review was performed to identify 

studies assessing at least one of the following objectives: 

1) the association between STR vs MTR use and adherence in 

observational settings; 2) the association between adherence 

(in either observational studies or RCTs) and viral suppres-

sion; and 3) the association between STR vs MTR use and 

viral suppression (in either observational studies or RCTs).

The systematic literature review was performed in two 

parts. An initial search of MEDLINE In-Process was com-

pleted on September 6, 2013, to identify any studies that were 

relevant to the three objectives that were published between 

2006 and 2013. A follow-up search using the same search 

criteria and database was conducted on September 14, 2016, 

to identify relevant literature published since the initial search 

(2013–2016) to account for more contemporary regimens. 

Search terms and categories were consistent across both 

elements of the systematic review (Table S1).

Supplemental searches were conducted to identify recent 

relevant studies published in the proceedings of the follow-

ing conferences (2013–2016): International AIDS Society 

Conference, International AIDS Conference, Conference on 

Retroviruses and Opportunistic Infections, American Society 

for Microbiology Interscience Conference on Antimicrobial 

Agents and Chemotherapy (2015), European AIDS Clinical 

Society Conference, and Infectious Disease Week. The 

2009 Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses guidelines28 were followed for both initial 

and current searches.
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eligibility criteria
The titles and abstracts of identified publications were 

screened manually by one reviewer (OE) against pre-specified 

eligibility criteria for each objective (Table S2). Literature 

eligible for inclusion included full-text reports of original 

research published in English, conducted in North America 

or the European Union (EU), and involving adults diagnosed 

with HIV. Studies finding that patients received once-daily 

ART and those with a one-pill regimen arm with no confirma-

tion that treatment was administered once daily were included; 

studies in which all patients received more-than-once-daily 

regimens were excluded. For objective 1, publications from 

observational studies (including prospective or retrospective 

non-randomized studies, disease registries or databases, elec-

tronic medical records, and claims data) reporting the effects 

of STRs vs MTRs on adherence were included. Observational 

studies and RCTs investigating the association between adher-

ence and treatment efficacy or effectiveness were included 

for objective 2. Studies researching the effect of treatment 

regimen (STR vs MTR) on treatment efficacy or effectiveness 

in the observational setting were included for objective 3.

Full-text versions of all publications meeting the 

eligibility criteria at initial screening were reviewed. Once 

eligibility was confirmed, data were extracted manually into 

pre-defined summary tables for each objective.

Information extracted from relevant studies included 

details of the study (enrollment start year, study end year, 

study location [EU or North America], sample size, and 

period of follow-up), patient characteristics (age, sex, CD4+ 

count, baseline HIV RNA level, and previous treatment), 

and adherence and efficacy results (eg, method of assessing 

adherence, viral suppression measures, and definitions).

Meta-analysis
A meta-analysis was performed to assess the relationship 

between STR vs MTR use and adherence at the $95% 

and $90% thresholds (objective 1) using random- and 

fixed-effects models. Heterogeneity between studies was 

examined using Q and I 2 statistics.29,30 A random-effects 

model was used in each analysis, and an additional fixed-

effects model was used when heterogeneity among studies 

was not significant at the P,0.05 level. Publication bias for 

the $95% adherence outcome was determined by plotting 

the odds ratio (OR) against the inverse standard error and 

visually assessing the symmetry of funnel plots and statisti-

cal significance confirmed using Egger’s and Begg’s tests.31 

Data management and statistical analyses were undertaken 

using Stata (StataCorp LLC, College Station, TX, USA).

Sensitivity analyses were performed to examine the fol-

lowing potential treatment effect modifiers on the influence 

of STR vs MTR use on adherence ($95%): a) studies in 

which once-daily dosing was confirmed in the publication 

compared with those studies in which the daily dose could 

not be confirmed; b) studies in which adherence was mea-

sured using the medication possession ratio (MPR) vs the 

proportion of days covered (PDC); and c) studies conducted 

in North America compared with those in the EU.

A meta-regression was performed to assess major mod-

erators of between-study heterogeneity (age, sex, race, and 

study period) in data from studies reporting $95% adherence 

to treatment.

Results
Search results
Overall, 2,117 relevant publications were initially identified, 

of which 119 were duplicates. Of the remaining 1,998 titles 

and abstracts screened, 1,731 were excluded, leaving 267 

that qualified for full-text review (Figure 1). Ultimately, 

29 studies met the inclusion criteria for one or more of the 

review objectives: 11 for objective 1, 18 for objective 2, and 

four for objective 3 (two studies were relevant for all three 

objectives).5,32

Objective 1 – comparison of STR vs MTR 
use and adherence
Eleven studies (10 full papers5,32–41 and one conference 

abstract37) described the association between STR or MTR 

use and treatment adherence. Of these studies, nine were 

conducted in the USA5,32–36,39–41 and two were conducted in the 

EU (Table 1).37,38 Six studies used the MPR method to assess 

adherence,32–35,38,39 four used the PDC method,36,37,40,41 and, in 

one study, patients self-reported their adherence (Table 1).5

In all studies, the proportion of patients reaching a 

defined minimum threshold of adherence was determined. 

Eight studies reported the proportion of patients with $95% 

adherence.5,33,35–37,39–41 Some publications reported the pro-

portion of patients with $90%,32,34,35,40 .90%,38 $80%,40 

and .80%38 adherence throughout the study. Ten of 11 

eligible studies found that STRs were associated with higher 

adherence than MTRs.5,33–41 The differences were statistically 

significant in nine studies.5,33–37,39–41 Of the remaining two 

studies, one investigated adherence to non-nucleoside reverse 

transcriptase inhibitor (NNRTI)-based (STR – consisting of 

efavirenz, emtricitabine, and tenofovir) and protease inhibitor 

(PI)-based (MTR) regimens, and found that patients using 

MTRs had significantly higher rates of adherence than those 
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Total number of papers identified
MEDLINE: 2,117

Duplicate papers
removed: 119

Excluded by full
paper review: 239

Supplementary
searching: 1

Included for electronic
screening: 1,998

Included for full
paper review: 267

aArticles included: 29
Objective 1: 11
Objective 2: 18
Objective 3: 4

Excluded by title/abstract: 1,731
Duplicate: 5
Publication type: 206
Study design: 46
Study population: 181
Study location: 328
Intervention: 212
Irrelevant outcomes: 753

Figure 1 PRiSMA diagram. 
Note: aTwo identified studies were relevant for all three objectives.5,32

Abbreviation: PRiSMA, Preferred Reporting items for Systematic Reviews and Meta-Analyses.

using STRs.32 In this study, however, multivariate analysis 

showed that treatment-experienced patients were 52% less 

likely than treatment-naïve patients to achieve 95% adherence, 

with the STR arm having a higher proportion of treatment-

experienced patients than the MTR arm (75.2% vs 61.5%).32 

The other study found no significant difference in .90% 

adherence between patients receiving STRs and those 

receiving MTRs.38

The meta-analysis, involving eight studies describ-

ing nine comparisons, compared the associations between 

STR vs MTR use and adherence at the $95% adherence 

threshold.5,33,35–37,39–41 In the random-effects model, STR use 

was 1.72-fold more likely to be associated with $95% treat-

ment adherence than MTR use (95% CI=1.54–1.93; P,0.001).

A funnel plot using estimates of $95% adherence from 

all studies included in the meta-analysis found that the nevi-

rapine (NVP)-based regimen plus at least two NRTIs arm 

in the 2012 study of Taneja et al41 was an outlier (Egger’s 

test, P=0.050, Begg’s test, P=0.048). Excluding this arm, 

an updated funnel plot showed no evidence of publication 

bias using Egger’s (P=0.185) or Begg’s (P=0.174) tests 

(Figure 2). The revised fixed-effects meta-analysis exclud-

ing the NVP arm resulted in similar findings, with STRs 

remaining significantly associated with $95% adherence 

than MTRs (OR=1.63; 95% CI=1.52–1.74; P,0.001).

Sensitivity analyses using meta-regression (Table 2) con-

firmed no significant differences in OR for $95% adherence 

in studies in which once-daily dosing was confirmed in the 
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Figure 2 Objective 1 – meta-analysis comparing the effects of STRs and MTRs on optimal ($95%) adherence levels. Excluding nevirapine-based regimen plus at least two 
nucleoside reverse transcriptase inhibitors arm in Taneja et al.41

Abbreviations: MTR, multiple-tablet regimen; STR, single-tablet regimen.

Table 2 Sensitivity analysis of moderators for the association between STR vs MTR use and adherence (objective 1)

Moderator Category 1 Category 2 Regression coefficient 
(95% CI)

P-value

Daily regimen Confirmed once daily Unconfirmed once daily 0.09 (-0.14–0.32) 0.368

Adherence measurement PDC MPR 0.20 (-0.01–0.35) 0.056

Region USA eU -0.32 (-0.71–0.40) 0.098

Note: The effect of study period had to be considered at the study level because this variable does not differ between STR and MTR groups in any one study.
Abbreviations: eU, european Union; MPR, medication possession ratio; MTR, multiple-tablet regimen; PDC, proportion of days covered; STR, single-tablet regimen.

publications compared with those in which once-daily dos-

ing could not be confirmed (P=0.368), in studies in which 

adherence was measured by MPR or PDC (P=0.056), and in 

those conducted in the USA vs the EU (P=0.098).

Meta-regression analyses did not find a significant effect 

of sex (P=0.914), age (P=0.898), or race (P=0.412) on the 

association between STR or MTR use and treatment adher-

ence. The effect of the study period had to be considered at 

the study-level because this variable did not differ between 

STR and MTR groups in any one study. Meta-regression did 

not demonstrate any significant effect of study start or end 

date on the results of the meta-analysis (P=0.419).

A meta-analysis also compared the effects of STRs and 

MTRs on lower adherence thresholds ($90%), which were 

reported in eight studies (Figure 3).32–35,37–40 Findings were simi-

lar to those for $95% adherence, with an OR in favor of STR 

of 1.43 (random-effects model; 95% CI=1.21–1.69; P,0.001).

Objective 2 – association between 
adherence and viral suppression
Overall, 18 studies (five RCTs42–46 and 13 observational 

studies)5,32,47–57 investigated the association between 

adherence thresholds and viral suppression (Table 3), of 

which 13 (72%) found that higher levels of adherence 

were associated with greater viral suppression.5,32,42,44,47,50–57 

Owing to high variation in the adherence thresholds and 

viral outcomes reported in the identified studies, a meta-

analysis addressing this objective was not performed. One 

study using MPR to measure adherence, however, found 

that patients optimally adherent to ART were three times 

more likely than non-adherent patients to be virologi-

cally suppressed.32

Of the 11 studies that used 95% as the adherence 

threshold, seven (64%) found that adherence was strongly 

associated with viral suppression.5,42,44,47,50,52,57 All three 

studies using 90% as a threshold showed improved virologic 

outcomes with adherence,32,53,55 and two studies found high 

levels of viral suppression when adherence was $80%40 

and .75%.35 Martin et al55 reported mixed virologic results 

with ,70% adherence, resulting in virologic failure in 

100% of patients prescribed unboosted PI-based regimens, 

50% virologic failure in those receiving boosted PI-based 

regimens, and 34.5% virologic failure in individuals on 

NNRTI-based regimens.
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Figure 3 Objective 1 – meta-analysis comparing the effects of STRs and MTRs on adherence levels ($90% threshold).
Abbreviations: MTR, multiple-tablet regimen; STR, single-tablet regimen.

Five studies demonstrated a positive effect of self-reported 

adherence on viral outcome. The results of two suggested that 

higher ($95%) adherence improved virologic outcomes,5,47 

while three found that suboptimal adherence (self-reported 

non-adherence50 or ,95% adherence)42,44 was associated with 

virologic failure. The remaining studies used a variety of other 

methods to assess adherence, including therapeutic drug moni-

toring,52 a simplified medication adherence questionnaire,52,56 

pill counts,53,55 pharmacy refills,55 and the antiviral medication 

adherence form.53 All studies demonstrated a positive associa-

tion between treatment adherence and virologic outcomes.

Of the 18 identified studies reporting the association 

between adherence and viral suppression, five (28%) had 

mixed outcomes or did not find an effect of adherence on 

virologic outcomes.43,45,46,48,49 In two studies, adherence 

improved treatment outcomes with some regimens but not 

with others. For example, Nelson et al45 found that suboptimal 

adherence (,95%) to darunavir/ritonavir was not associ-

ated with virologic response, whereas virologic response to 

lopinavir/ritanovir improved with better adherence ($95%). 

Similarly, Viswanathan et al48 demonstrated that adherence 

was associated with greater viral suppression in patients using 

PI-based regimens, but not in those receiving NNRTI-based 

regimens ($95%). In the remaining three studies, adherence 

was not predictive of virologic outcomes.43,46,49

Objective 3 – association between 
STR vs MTR use and viral suppression
Overall, five studies investigated the association between 

STR vs MTR use and viral suppression (Table 4).3,5,32,58,59 

Chakraborty et al58 examined viral load trends in population 

subgroups by assessing a state-wide surveillance dataset, and 

showed that there was a more rapid decrease in viral load 

among people using STRs than in those using MTRs. Hanna 

et al5 reported that STR use was significantly associated 

with virologic suppression. The remaining studies found no 

significant difference between the effect of STRs and that 

of MTRs on virologic outcomes.3,32,59 Of note, one of these 

studies found no significant effect of STRs compared with 

MTRs on achievement of .90% adherence.32

Discussion
To our knowledge, this systematic literature review provides 

the most current summary of published literature assessing 

associations between STR vs MTR use and ART adherence and 

the impact of adherence on virologic outcome. The results of 

this study suggest that STR regimens are related to better adher-

ence in real-world, observational settings. We identified many 

observational studies investigating the association between 

STR vs MTR use and adherence in observational settings 

(objective 1) and between adherence and viral suppression in 

observational settings and RCTs (objective 2); however, few 

studies assessing the association between observational STR 

vs MTR use and viral suppression were found (objective 3). 

Although the studies identified included patients on a variety of 

ART regimens, there was a paucity of available data on INSTI 

regimens, which are now recommended. Only one study spe-

cifically included patients receiving an INSTI (elvitegravir).5 

The remaining studies that were included consisted of combi-

nations of patients receiving NRTIs, NNRTIs, and PIs.
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A meta-analysis of objective 1 using data from eight 

observational studies demonstrated that STRs are signifi-

cantly associated with a 63%–72% higher level of adherence 

(at the $95% adherence threshold) than MTRs. The results of 

this systematic literature review and meta-analysis assessing 

the association between STR vs MTR use and adherence in 

observational settings (objective 1) are consistent with those 

of previous studies that demonstrated significant benefits of 

STRs compared with MTRs. These findings, together with 

those from a meta-analysis by Clay et al21 that assessed 

adherence and clinical and cost outcomes (reporting a 2.37-

fold adherence advantage of STRs over MTRs) confirm 

the importance of STRs in optimizing clinical outcomes. 

Our study extends these earlier findings by using specific 

thresholds of adherence rather than the relative adherence in 

patients on STRs vs MTRs.21 The current study also included 

a greater number of publications and patients (eight studies 

involving 30,470 patients compared with four studies involv-

ing 1,224 patients), leading to more robust meta-analyses. 

Furthermore, the larger sample size allowed for in-depth 

sensitivity analyses to account for factors that could have 

confounded the observed associations. Studies from the EU 

and USA were assessed in a sensitivity analysis owing to 

the differences in healthcare provision in these regions.60 

Additionally, because we were unable to confirm whether 

once-daily dosing was used in all the included studies, we 

performed a sensitivity analysis to clarify the impact of 

confirmation of once-daily dosing, since reducing dosage 

frequency to once-daily has been shown to be related to 

higher treatment adherence.61 Sensitivity analysis was also 

used to investigate the impact of different methods of adher-

ence measurement (MPR vs PDC). The results were robust 

to these sensitivity analyses, and to meta-regression analyses 

assessing the effect of sex, age, race, and study period.

This study was also further able to incorporate RCT 

data and to examine different levels of adherence thresholds 

(objective 2). Importantly, thresholds of .90% and .95% 

were consistently associated with viral suppression, but find-

ings did not remain consistent when lower thresholds were 

investigated (,90%). Of the identified studies, results of two 

suggested that $75% adherence may be sufficient to achieve 

viral suppression.35,40 One of these studies included patients 

receiving NNRTI-based regimens,41 and the other included 

patients on NRTI-based regimens.46 The positive effects 

of lower (,80%) levels of adherence on viral suppression 

observed in these studies are consistent with findings from a 

small pilot study of a “five-on, two-off” treatment schedule 

demonstrating viral suppression with ~70% adherence.62 
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Additionally, a systematic review with meta-analysis 

attempted to disentangle this relationship further.22 In this 

review, adherence of 80%–90% appeared to be adequate for 

viral suppression, suggesting that some types of regimens 

may be more forgiving than others, owing to higher efficacy 

and lower toxicity (in newer regimens),63 and unique phar-

macological properties such as longer half-life.64 Results of 

the meta-analysis by Bezabhe et al22 suggests that the level 

of adherence required for sustaining viral suppression may 

be lower than has previously been thought; however, data 

are inconclusive as to the minimum level necessary to ensure 

durable virologic suppression, and the relationship between 

adherence and virologic failure was impacted by study design 

and study region. 

The majority of studies identified in our searches used 

higher adherence thresholds ($95%) than those suggested 

to be necessary for sustaining viral suppression in the 

Bezabhe study.22 In that review, however, virologic failure 

was variably defined (,100 copies/mL vs 500 copies/mL 

and ,1,000 copies/mL), and the likelihood of viral sup-

pression differed for various adherence thresholds, with 

greater ORs for higher thresholds. Moreover, thresholds 

of adherence varied among their reported studies (from 

100% to 80%),22 and the effect of adherence on viral sup-

pression was significantly higher, with lower cut-offs for 

virologic failure (,100 copies/mL vs 500 copies/mL and 

1,000 copies/mL).22 Thus, it is crucial for future research 

to use well-defined and clinically meaningful thresholds to 

better compare studies.

Only five studies comparing the effect of STR and MTR 

use on virologic outcomes were found (objective 3),3,5,32,58,59 

three of which demonstrated no significant differences in 

viral suppression for patients using STRs compared with 

those using MTRs3,32,59 (the other two showed better viro-

logic outcomes with STRs5,58). Thus, despite several studies 

showing that STRs are associated with greater adherence 

than MTRs, the impact of this improvement on virologic 

suppression has yet to be conclusively demonstrated. In the 

Clay et al21 meta-analysis that included only three studies, 

viral suppression at 48 weeks was significantly greater in 

patients using STRs than in those using MTRs (P=0.0003).

The low number of studies and the differing results sug-

gest that further research is needed to determine whether 

adherence to STRs translates into improved virologic and 

clinical outcomes. Although a limited number of studies have 

demonstrated that STRs are associated with lower rates of 

disease progression and mortality compared with MTRs,9,65,66 

it is crucial that future research addresses this gap in our 

understanding of how pill burden impacts viral suppression 

so that the needs of patients are better addressed.

As PLWH age and experience a higher burden of comor-

bidities in addition to HIV,25 it is crucial that they are helped to 

manage comorbidities and coordination of multiple therapies. 

Aside from pill burden, other potential barriers to adherence, 

such as inadequate housing, food insecurity, substance use, 

and psychiatric disorders including depression, should be 

addressed to better support PLWH.67 To improve treatment 

adherence in PLWH, it is critical to take multiple approaches, 

such as minimizing socio-structural barriers, improving man-

agement of health systems, strengthening patient–provider 

relationships, and working with patients to ensure that regi-

mens are acceptable, feasible, and have minimal side-effects.

Despite the robust findings, our systematic literature 

review and meta-analyses are not without limitations. The 

studies reporting associations between STR vs MTR use 

and real-world adherence were non-randomized, and may 

be confounded by patient differences and medication char-

acteristics between treatment groups. While the lack of ran-

domization limits the internal validity, the approach taken in 

the current study is more applicable to real-world settings in 

which patients face barriers to treatment adherence and have 

less support and oversight than is present in a controlled set-

ting. In most studies, adherence was calculated according to 

pharmacy records and reimbursement claims data, which may 

not reflect true adherence. The results of this meta-analysis, 

however, are generally consistent with those of sensitivity 

analyses involving identified studies using the more accurate 

PDC approach and those using MPR.

Although the results of a substantial number of studies 

suggest that STRs are associated with higher adherence 

to therapy than MTRs and show an association between 

adherence and viral suppression, only a small number of 

studies directly evaluated the association between STR use 

and clinical outcomes, and few data are available on INSTI 

regimens, which are now recommended.

Conclusion
This systematic review addresses an important gap in the 

HIV adherence literature, providing a quantitative analysis 

of the effect of STRs vs MTRs on the achievement of 90% 

and 95% adherence. The analysis re-affirms the significant 

association between the use of STRs and adherence, and the 

positive impact of adherence on virologic outcome. However, 

future research is still necessary to measure the association 

between specific adherence thresholds and specific levels 

of viral suppression. Although the existing literature shows 
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similar treatment outcomes when adherence is defined using 

95% and 90% thresholds, virologic outcomes have been 

mixed with thresholds below 90%. Overall, our systematic 

review and meta-analysis provides a quantitative estimate of 

the benefits of STRs over MTRs on adherence and virologic 

outcomes, and highlights the need for research assessing the 

impact of pill burden on viral suppression to meet patients’ 

needs more effectively.
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Supplementary materials

Table S1 MeDLiNe in-Process & Other Non-indexed Citations and Ovid MeDLiNe 1946–present; search conducted on September 14, 
2016a

Search category ID Search terms

Disease #1 (“human immunodeficiency virus” OR “HIV”)

intervention #2 (“once daily” OR “once a day” OR “QD” OR “single tablet” OR “single pill” OR “one pill” OR 
“fixed dose combination” OR “co-formulated”)

Adherence #3 (“adherence” OR “nonadherence” OR “non-adherence” OR “adherent” OR “nonadherent” OR 
“non-adherent” OR adhere* OR “compliance” OR “noncompliance” OR “non-compliance” OR 
“compliant” OR “noncompliant” OR “non-compliant”)

viral suppression #4 (“viral load” OR “viral suppression” OR “virologic suppression” OR “virologic response” 
OR “virologic failure” OR “virologic success” OR “virological suppression” OR “virological 
response” OR “virological failure” OR “virological success” OR “RNA suppression” OR “RNA 
level” OR “RNA concentration” OR “undetectable” OR “undetectability”)

Association #5 (compare* OR “comparison” OR associate* OR relate* OR relation* OR correlate* OR 
“correlation” OR cause* OR “versus” OR “vs” OR “vs.” OR “lead to” OR “leads to” OR “led to”)

RCT #6 (“clinical trial” OR “clinical trials” OR “randomized controlled trial” OR “randomized controlled 
trials” OR “randomised controlled trial” OR “randomised controlled trials” OR random* OR 
enroll* OR “protocol” OR “open-label” OR “single blind” OR “double blind”)

Real world #7 (“observational” OR “longitudinal” OR “retrospective” OR “prospective” OR “follow up” 
OR “cohort” OR “insurance” OR electronic medic* OR “claims data” OR “naturalistic” OR 
“pragmatic” OR “medical records” OR “registry”)

Study objectives

1. Real-world adherence with 
STR vs MTR

#8 #1 AND #2 AND #3 AND #7

2. Association between 
adherence and viral outcomes

#9 #1 AND #3 AND #4 AND #5 AND (#6 OR #7)

3. Comparative effects of STR vs 
MTR on viral outcomes

#10 #1 AND #2 AND #4 AND (#6 OR #7)

All #11 #8 OR #9 OR #10

#12 Limit 11 to yr=“2013-Current”

#13 Limit 12 to english language

Note: aAn initial search of MeDLiNe in-Process was completed on September 6, 2013 to identify any studies that were relevant to the three objectives that were published 
between 2006 and 2013.
Abbreviations: HIV, human immunodeficiency virus; MTR, multiple-tablet regimen; RCT, randomized controlled trial; STR, single-tablet regimen.
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Table S2 eligibility criteria

Criteria Included Excluded

Publication type ·	 Full-text original research published 
in english

·	 Non-english publications
·	 Duplicate publication(s) of the same trials or studies
·	 Case reports
·	 Commentaries and letters
·	 Recommendations/guidelines
·	 Books/chapters/addresses/bibliographies/biographies/lectures
·	 Non-systematic reviews
·	 Systematic reviews and meta-analyses

Study design ·	 RCTs
·	 Observational studies (retrospective 

studies, longitudinal studies, prospective 
studies, etc)

·	 Non-human studies
·	 Preclinical studies
·	 Phase 1 studies
·	 Short-term studies (study length #10 days)
·	 Studies interrupted or prematurely terminated 

Study location ·	 North America and the 
european Union

·	 including any location not in North America or the european Union

Population ·	 Adults (aged $18 years) diagnosed with 
Hiv and treated with ART

·	 Children and adolescents (aged ,18 years)
·	 Non-Hiv-positive patients
·	 Studies conducted only in Hiv subpopulation, including:
o patients infected with hepatitis B or C
o patients with a history of drug abuse
o patients with depression
o pregnant women
o homeless and marginally housed patients

interventions ·	 Once-daily ART regimens ·	 Non-ART regimens
·	 More-than-once-daily regimens

Outcomes ·	 Association between treatment 
regimen and adherence level, or

·	 Association between adherence level 
and drug efficacy/effectiveness,a or

·	 Association between treatment 
regimen and drug efficacy/effectivenessa

·	 Studies that report neither treatment adherence nor drug 
efficacy/effectiveness

·	 Studies that do not report the association or comparative results

Note: aDrug effectiveness or efficacy was measured as viral load (RNA level), viral suppression rate, viral failure rate, and undetectable RNA level.
Abbreviations: ART, antiretroviral therapy; HIV, human immunodeficiency virus; RCT, randomized controlled trial.
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